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RESEARCH MEMORANDUM

PRELIMINARY ATR-FLOW AND THRUST CALTHRATTONS OF SEVERAL CONICAL
COOLING-ATR EJECTORS WITH A PRIMARY TO SECONDARY
TEMPERATURE RATIO OF 1.0
II - DIAMETER RATIOS OF 1.06 AND 1.40

By W. K. Greathouse and D. P. Hollister

SUMMARY

An investigation was made of the performance of nine conical
cooling-air ejectors at primary Jet pressure retios from 1 to 10,
secondary pressure ratios to 4.0, and a temperature ratio of unity.
This phase of the investigation was limited to conical ejectors having
shroud-exit to primary-nozzle-exit diameter ratios of 1.06 and 1.40,
with several spacing ratios for each.

The experimental results indicated that the pumping range and
emount of cooling-air flow obtained with a 1.06-diameter-ratic ejector
were relatively small for cooling purposes but thaet the meximum possible
thrust loss, which occurred with no secondary flow, was only 7 percent
of convergent-nozzle thrust. The 1.40-diameter-ratio ejector produced
a large cooling-air flow and showed a possible thrust loss of 29.5 per-
cent with no cooling-air flow. Thrust gains were attained with ejectors
of both diameter ratios at secondasry pressure ratios greater than 1.0.
The limiting primary pressure ratio below which an ejector can operate
at a specific secondary pressure ratio (cut-off point) may be estimated
for various flight conditions from data contained herein.

INTRODUCTION

The ailr ejector.is currently being used as a simple, light-weight
device to pump tail-pipe cooling sair for turbojet installations and is
being considered as a means of cooling high-temperature afterburners.
Various combinations of ejector geometry can be used to pump & pre-
scribed amount of cooling sir, but the respective losses or gains in
jet thrust may be vastly different:. Numerous theoretical investigations
have been mede to evaluate ejector performance, but the available
experimental information is in general limited to low pressure ratios
or does not include asdequate thrust data.
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In order to extend the range of existing cooling-air-flow and
thrust-performance data, the NACA Lewis laboratory is conducting an
experimental Investigation of cocoling-alr ejector models. The purpose
of this report is to present experimental results for a limited number
of conical-type ejector configurations opersting over a wide range of
condltions and thereby to supplement the data obtained in an earlier
phase of this investigation {reference 1).

Thrust and pumplng characteristics over a range of primary pressure
ratios Pp/PO from 1 to 10 and secondary pressure ratlos Pb/bo to
4.00 are presented herein for conical ejectors having dlameter ratios
Ds/Dp of 1.06 snd 1.40, with several spacing ratios S/b for each.
Data are presented 1n terms of secondary to primary weight-flow ratlo
and gross ejector-thrust to primary-nozzle-thrust ratio. The lnvesti-
gation was conducted with a convergent primary nozzle and a conilcal
secondary shroud, with unheated air at s temperature of approximately
80° F

-

APPARATUS AND PROCEDURE

The nomenclsture used for the conicel-ejector investigation is
listed in figure 1, and the apparatus is schematically shown in
figure 2. All apparatus, instrumentation, and methods of performing
the tests were exactly as described in reference 1 for an earlier
phase of the present ejector program. The only change was, of course,
the geometry of the ejector shrouds. Two shrouds with different exit
dismeters and the same half-cone angle of 8° were used to provide
diameter ratios Ds/Dp of 1.06 and 1.40. The spacing ratio S/bp
was varied over the following range of values for each dilameter ratico
by lnserting spacer rings and. gaskets between the approach pipe and
the shroud:

Diameter Spacing ratio, S/bp

ratio,

Dg/Dy

1.086 0.16510.386|0.572 |[0.776|0.977 |~===} ==
1.40 || ===== 370 |===~=] .803 |===== 1.19(1.59

Performance of each ejector configuration was investigated over
a range of primsry pressure ratios 'Pp/PO from 1 to about 10 with

various constant secondary pressure ratios Ps/PO up to 4.00.
Additional tests were performed for zero secondary air flow with the

E—
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upstream secondary passage blocked. Also a calibration of the primary
nozzle with the shroud removed was obtained to determire flow coeffi-

clents and primery nozzle thrust over a range of pressure ratios.,

RESULTS AND DISCUSSION
Pumping Characteristics

Experimental performance data for the conical cooling-air ejector
are presented in figures 3(&} tc 3{e} and in Pigures 3{f) to 3(i) for
diameter ratios of 1.06 and 1.40, respectively. These plots show the
effect of primary pressure ratio Pp/PO on elector weight-flow ratio

WB/WP for various constant secondary pressure ratios PB/PO' The

primary pressure ratio at which the weight-flow-ratio curves decreased
to zero was determined with the upstresm secondary flow passage
blocked (zero secondary flow) and is herein referred to as the cut-off
point. The cut-off point thus defines the limiting primary pressure
ratio at which an ejector can operate for e specific secondary pressure
ratio. Operation beyond this point in actual sircraft instsllations
will result in a backflow from the primary jet into the secondary
system. ’

Most of the configurations investigated exhibited typical ejector
characteristics and trends similar to those of the performance charac-
teristics obtained in an earlier part of this investigation (refer-
ence 1) for diameter ratios of 1.10 and 1.21. ‘Pumping charscteristics
of the two largest spacing ratios investigated for the largest diameter
ratio were, however, somewhat different from those of the other eJjector
configurations. For both of these configurations (figs. 3(h) and 3(i))
two distinet regions of peak weight-flow ratio occurred for secondary
pressure ratios of both 0.90 and 0.95.

The pumping range of the 1.06-dlameter-ratio ejector was indicated
to be small for secondary pressure ratios lees than 1.0, and only low
values of secondary sir flow (low welght-flow ratio) were obtalned in
this range (figs. S(a) to S(e)). Thus, & conical ejector of 1.06
diameter rdtio can be satisfactorily used only in installations thet
have relatively small cooling requirements. As shown in figures 3(f)
to S(i) the 1.40-diameter-ratio ejector can supply a much larger
secondary air flow over a wlder range of primsry pressure ratios than
can the 1.06-diameter-ratio ejector.

Effect of Spacing Ratio on Pumping

The variation of ejector weight-flow ratio with spacing ratio is
presented in figure 4 for the diameter ratios of 1.06 and 1.40. The

1Illl...llllir"__
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curves are cross-plotted for three values of primery pressure ratio,
2.00, 3.50, and 9.00, which may be considered representative of
take-off, high subsonic, and supersonic flight conditlons, respectively.
Only small variations in weight-flow ratio with spacing ratic occurred
for the 1.06-diameter-ratia ejector, although regions of maximum pump-
ing are indicated (fig. 4(a)). The spacing ratio corresponding to
these maximum regions was generally unchanged by an increase in secondary
pressure ratio up to 1.0, but was decreased slightiy by an increase in
secondary pressure ratlio gsbove 1.0. The region of maximum weight-flow
ratico also shifted slightly with changes in primary pressure ratilo.
Nevertheless, near optimum pumping performance may be approximated

over & reasonable range of flight conditions with the 1.06-diameter-
ratio ejector at a fixed spacing ratio.

With a dismecer ratio of 1.40, rather large variations in weight-
flow ratio occurred ass spacing ratio was changed (figs. 4(d) to 4(f)).
The spacing ratio corresponding to a region of maximum pumplng changed
only slightly wlth secondary pressure ratioc, although the spacing ratio
at which maximum pumping occurred decreased sharply as primary pressure
ratio was increased. Therefore, a 1l.40-dilameter-ratic elector with a
fixed spacing ratic that has good pumping characteristics at one flight
condition may have less desirable characteristics at another condition.
At a primary pressure ratio of $.00 and secondary pressure ratlos less
than 3.00 the pumplng characteristics were found to be podr at spacing
ratios near 1.0, as shown by the region of minimum welght-flow ratio
in figure 4(f). ) .

Effect of Diameter Ratio on Pumping

In figure 5, which was cross-plotted from the preceding figures
and similar figures in reference 1, the variation in ejector velght-
flow ratio with diameter ratio Ds/Dp is shown for fixed wvalues of

spacing ratlio and primary pressure ratio. For secondary pressure
ratios greater than 1.0, the weight-flow ratio continucusly increased
with lncressing diameter ratio because at a given primery pressure
ratioc the restriction to secondary flow was reduced when the exit area
of the shroud became greater. At secondary pressure retios less than
1.00, the weight-flow ratic meximized at an optimum diameter ratio,
because the primary Jet filled a smaller percentage of the shroud exit
at larger dlameter ratios and thereby increased the tendency for inflow
to occur from the exhaust tank into the secondary system. The diameter
ratio at which maximum weight-flow ratioc occurred was changed cnly
slightly by changes in secondary pressure ratio or spacing ratioc but
increased as primary pressure ratioc was Incresased.

Conditions at the cut-off point are crogs—plotted (from previous
figures and referencell) in figure 6 to show how variations in diemeter

£292
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ratio and spacing ratio affect the operational limits oSf the conical-
type ejector. The lines of constant secondary pressure ratio represent
the variation of the cut-off point with dismeter ratio. At a given
spacing ratio and secondary pressure ratio, a secondary air flow
greater than zero was obtained only at primery pressure ratlos below
the corresponding cut-off point indicated. It should be noted that
increasing diameter ratio greatly increased the primary pressure ratio
gt which cut-off occurred; for example, et a spacing ratio of 0.40,
diameter ratio of 1.10, and secondary pressure ratio of 1.50 the cut-
off point occurred at s primary pressure ratio of 5.82. Increasing the
diameter ratio to 1.20 shifted the cut-off polnt to a primary pressure
ratio of 9.0. This change represents a 63.5-percent increasge in the
range of operation for a 9.l-percent increase in diameter ratio.
Secondsry pressure ratios shown in figure 6 are independent of cooling-
gir-duct frictional characteristics because the secondary flow equals
zero. The secondary pressure ratio at cut-off may therefore be taken
as the over-all pressure ratio.across the secondary flow system. Thus
the cut-off point may be estimated from the secondary-duct inlet total
pressure corresponding to various flight conditions without considering
internal duct characteristics.

Thrust Characteristics

In order to determine the effect of the ejector shroud on thrust
performence, ejector Jet thrust was measured simultaneously with the
preceding welght-flow dsta and at zero secondary flow conditions. The
thrust ratio was then defined as the ratio of ejector thrust Fej to

the previously measured thrust of the convergent primsry nozzle F
operating at the same over-all primary pressure ratio. . This method,
of course, does not charge either stream for inlet momentum of the
air flow. ‘

The variation of thrust ratioc with over-all primary pressure
ratio is shown in figures 7(a) to 7(e) and 7(f) to 7(i) for respective
dismeter retios of 1.06 and 1.40. The date are presented for several

“constant secondary pressure ratios and for zero secondary flow con-

ditions. ‘In general, the thrust~ratio curves at constant secondary
pressure ratio meet the zero secondary flow thrust curve at the same
primary pressure ratio for which the weight-flow ratia became zero.
However, For all 1.06-diameter-ratio configurstions investigated
(figs. 7(a) to 7(e)) several thrust ratio curves intersected and fell
below the zero secondary flow thrust curve at low values of primary
pressure ratio (Pb/po less than 2.0). This effect occurred because at

a given over-all primary pressure ratio across the ejector the effec-
tive pressure ratio ascross the primary nozzle was dependent upon the
pressure existing within the shroud at the primsry nozzle exit.
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Effective primary pressure ratio approximately equals the over-all.
primary pressure ratio divided by the secondary pressure ratio. There-
fore, at pressure ratios for which the primary nozzle was not choked,

a gregter thrust (because of the greater mass flow in the primary
system) was produced at zero secondary flow conditions than with a
finite secondary air flow and consequent higher shroud pressure.
Fortunately, actual ejector installations sre seldom required to

operate in this low range of primary pressure ratios. A simllar effect
wag exhibited in reference 1 for the smallest spacing ratlo of each
diemeter ratio investigated (8/Dp = 0.39, Dg/Dp = 1.21 and 1.10) but did

not ccecur for any 1. 40-diameter-ratio configuretion.

Thrust charecteristics for both the 1.06- and 1.40~dlameter-ratioc
elJectors are similar to those discussed in reference 1. Values of
thrust ratic both greater and less then 1.0 were obtalned at high
secondary pressure ratlios, but at secondary pressure ratios below 1.0
the thrust ratio remained below 1.0 for most configurations. The 1.40-
dismeter-ratic ejector produced a larger thrust gain at high secondary
pressure ratlioe and a larger thrust lose at low secondery pressure
ratios than did the 1l.06-dlameter-ratlio ejector. The smooth flat
characteristice of the thrust-ratioc curves in figures 7(f} to 7(h)
indicate that the 1.40-diameter-ratic ejector can malntain practically
a8 constant thrust over a wide range of primary pressure ratios if the
secondary pressure ratio 1s relatively close to a value of 1.0. The
lowest value of thrust ratic for all configurations, of course,
occurred at zero secondary flow conditions (except as previously
discussed for the dlameter ratio of 1. 06). Thus, the zerc secondary
flow thrust curve indicates the maximum lose (or minimum gain} in
thrust that can occur for a specific operating primary preesure ratio.

Losses aB great as 7 percent and 29.5 percent at primary pressure ratios

less than 3.5, and gains of 2.4 percent and 1.4 percent at the primary
pressure ratioc of 10, were obtained for the respective diameter ratios
of 1.08 and 1.40 when compared with the thrust of the convergent
primary nozzle at the same conditlioms. However, when the ejector is
operating with seccndary flow, the thrust losses will be decreased and
the thrust gains will be <lncreased by an amount dependent on the
magnitude of secondary air flow.

Effect of Spacling Ratio on Thrust

The variation of thrust ratio with spacing ratio is shown in
figure 8 (cross plots of preceding thrust data) for primary pressure
ratios of 2.0, 3.5, and 9.0. Changes in spacing ratlo at constant
secondary pressure ratio had an apprecisble effect on thrust ratio for
both diameter ratios investigated. Thus, the spacing ratlo is s
factor to be considered when an ejector configuration for maximum
thrust 1s selected.

£292
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Comparison of pumping and thrust characteristics for the 1.086-
dilameter-ratio ejector.(figs. 4(a) to 4(c) and 8(a) to 8(c)) indicated
that the spacing ratio corresponding to a region of maximum thrust was
either less than or greater than the speging ratio for maximum pumping,
depending upon the operating conditions. "Whe same comparison for the
1.40-diameter-ratio ejector, however, indicated that the spacing ratio
for maximum thrust was generally less than that for meximum pumping,
a8 was also Indicated in reference 1 for diameter ratios of 1.21 and
1.10.

Effect of Diameter Ratio on Thrust

Gross ejector thrust ratio is presented as a function of diameter
ratio in figure 9 for several values of constant spacing ratio, primary
pressure ratio, and secondary pressure ratio as crosgs-plotted from
reference 1 and data contained herein. These plots exhibit thrust
characteristics similar to the pumping characteristics previously
described and sehown in figure 5. As dliameter ratio was increased,
there was, in general, a continuous rise in gross thrust ratio for
values of secondary pressureé ratio greater than 1.0; whereas for
secondary pressure ratios less than 1.0, the thrust ratio maximized,
or in some cases, contlinuously decreased with Increased diameter ratio.

Application of Data

The comparisons made herein are based on conical-ejector charac-
teristics alone as determined with an unheated primary Jjet. As
pointed out in reference 1, a final choice of eJjector geometry must be
based on the cooling-alr supply duct characteristics and flight plan
of a specific aircraft after the values of weight-flow ratio are
corrected for temperature ratio as described in reference 2. This
correction is only approximate, but until more complete high-temperature
deta are available it must be assumed that performance of full-scale
ejectors operating at temperature ratios greater than 1.0 may be
approximated by cold-model ejector date corrected to the desired
temperature ratio.

CONCLUDING REMARKS

The experimental data contained hereln showing pumping and thrust
characteristics of nine conical cooling-air ejectors indicated that
the pumping range and amount of cooling-air flow obtained with the
1.06-diameter-ratio ejector was relatively small as compared with that
of the 1l.40-diameter-ratio ejector. Optimum pumping performance for
the 1.06-dismeter-ratio ejector (even.though the amount of cooling air
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is low) can be approximated over a range of flight conditions with a
fixed spacing ratio. In contrast, the 1.40-diameter-ratio ejector with
a fixed spacing ratio that can pump adequate cooling alr at one flight
condition may pump an insufficlent amount at another condition. The
limiting primary pressure ratic below which an ejector can operate at
a specific secondary pressure ratio (cut-off point) may be estimated
for various flight conditions from data contained herein.

Comparison of pumplng and thrust characteristics for the 1.06-
diameter-ratio ejector indicated that maximum thrust was attained at

spacing ratlios either greater or less than the spacing ratio for maximum

punping, depending upon the operating conditions. The same comparison
for the 1l.40-dliemeter-ratio ejector indicated the spacing ratio for
meximum thrust wes less than for maximum pumping. At the same spacing
ratio, primary pressure ratio, and secondary pressure ratlo, the large-
diameter-ratio ejector produced grester gaine in gross thrust at
secondary pressure ratlos above 1.0 and greater losses in gross thrust

at secondary pressure ratios below 1.0 than did the small-diameter-ratilo

ejector. Thrust losses as great as 7 percent and 29.5 percent of
convergent nozzle thrust accurred for respéetive dlameter ratios of
1.06 and 1.40 at gzero secondary flow conditions and the extremely low
secondary pressure ratios encountered.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio :
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Figure 1. - Nomenclature for ejector investigation.
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